The basalts recovered from the Costa Rica Rift by drilling at Deep Sea Drilling Project Sites 501, 504, and 505 during Legs 68, 69 and 70 of the Glomar Challenger are the most depleted in the most-hygromagmaphile elements (Th, Ta, Nb, and La) of all MORB recovered to date by the Glomar Challenger. The invariant ratios Nb/Ta, Zr/Hf, and Y/Tb show "chondritic values" (expected for Nb/Ta because of the very low concentrations in these elements). Four samples from a single unit are exceptions: they present a flat to slightly enriched, extended Coryell-Masuda plot, and at the same time their La/Ta ratio is 9 (normalized ratio = 1) instead of 19 (normalized ratio = 2), the value for all other samples. Only one of these two values of the La/Ta ratio had been found so far within a single hole, and moreover within large areas of the oceanic crust (several holes or dredges). The present result shows that local heterogeneity of the upper mantle with respect to the La/Ta ratio may exist. 
INTRODUCTION
Six holes (501, 504A, 504B, 505, 505A, 5O5B) were drilled during Legs 68, 69, and 70 of the Glomar Challenger, in a limited area of the Costa Rica Rift: Site 501 (1°13.63'N, 83°44.06'W); Site 504 (1°13.6'N, 83°44' W); Site 505 (1°54.8'N, 83°47.4'W). Trace-element data obtained by neutron activation analysis (NAA) and by X-ray fluorescence spectrometry (XRF) are presented in this paper. These data are compared to major-element analyses and sample descriptions obtained on board, and allow us to refine the characterization and classification of the different basaltic units. We, then, interpret them in terms of high-and low-partition-coefficient elements. The behavior of low-partition-coefficient elements (hygromagmaphile elements) is discussed on the basis of comparative geochemistry by using an extended Coryell-Masuda plot, including both rare-earth and other trace elements.
the homogeneous sets of data versus depth corresponding to the different basalt lithologic units. A brief look at these data shows that four hygromagmatophile elements (Th, Nb, Ta, La, which behave with low solid/liquid bulk partition coefficients) have very low concentrations. For these four elements, the concentrations are close to the limits of detection. It is therefore necessary to discuss accuracy of the appropriate analytical method before interpreting these data with confidence.
In order of increasing atomic number, all the element concentrations up to Nb have been determined by XRF, except Se, which was analyzed by NAA, and Co and Ni, for which both XRF and NAA data are available. From Sb to Th, all concentrations have been measured by NAA. XRF interferences are corrected, where necessary, according the procedure described by Bougault et al. (1977b) . In the case of Nb, there is no instrumental interference; the accuracy of Nb determination is then limited by the method of calculation of the matrix effects and the measurements of both peak and background intensity. For low Nb concentrations, close to the 1-ppm detection limit, the accuracy is limited mainly by the counting statistics of both peak and background intensities, and by the method of measuring and substracting the background. NAA measurements are made with a Ge-Li detector from 4 days to 1 month after irradiation (Jaffrezic et al., 1977) . For low concentration levels, the accuracy also is limited by the counting statistics of intensities and the method of measuring and substracting the background. Thus, for both methods, the accuracy can be considered to be the sum of two terms. The first one, the precision, dx, presents a random character reflecting the counting statistics, and can be written ±dx. The second term, AX, is constant and can be positive or negative; it corresponds, for instance, to the method of substracting the background. AX corresponds to a systematic error which cannot be identified, despite the care taken in the calibration (blanks, standards, etc.) . Any measurement has to be written X + AX ± dx. The value dx can be improved by repeating the measurements. As an example, the points in Figure 1 represent the average values (Nb, Ta) for the various basaltic units encountered in the Gulf of California at 22°N, Sites 482, 483, and 485, drilled during Leg 65; the indicated error bars correspond to dx. The dx value of a single determination is about 1.5 ppm for Nb. The dx values indicated in Figure 1 are lower, and account for several determinations of different samples of the same basaltic unit. By definition, there is no way to improve the AX value. When A'is low, and of the order of magnitude of the estimated value of AX, it is not possible to compute a ratio of concentrations (Nb/Ta, for instance) from a single pair of values. Nevertheless, it is still possible to estimate such a ratio from a least-squares calculation, provided that the number of points is sufficient, and that they lie in a range of values larger, at least by a factor two, than the dx precision values which account for the reproducibility of measurements. The Nb and Ta data for Leg 65 (Fig. 1) fulfill these requirements. The value of the slope Nb = f(Ta) derived from the leastsquares calculation is 16.4. It corresponds to the value found so far for oceanic basalts and is independent of the notion of enrichment or depletion of hygromagmatophile elements. On the other hand, all Nb, Ta, La, and Th values, except four samples reported in -18-1, 84-88 cm, 504B-18-2, 98-102 cm, 504B-19-1, 73-77 cm, and 504B-19-2, 46-49 cm, whose average Nb/Ta ratio of 15.4 fits with the value 16 ± 1 of oceanic basalts. La is plotted versus Ta in Figure 2 , for 22 °N samples of the East Pacific Rise (Leg 65), and for Sites 501, 504, and 505. Two values of the La/Ta ratio have been found so far in the Atlantic: 9 and 19 ; only the value 19 has been found so far on the East Pacific Rise Cambon et al., 1980) . The same comments as for Nb and Ta can be made about the low La and Ta values at Sites 501, 504, and 505. It is difficult to give a La/Ta ratio for these low concentrations, but it can be stated that these concentrations are compatible with the value 19 of the La/Ta ratio. On the contrary, the four samples from Hole 504B (Table 2) represent the other value, 9, of the La/Ta ratio. This result is very important, because it is the first time that it is clearly established that basalts with low La/Ta values of about 9 are found in the same hole as It has recently been confirmed further that Zr and Hf, as well as Y and Tb, fractionate very little during magma genesis (Bougault, Treuil, and Joron, 1978) . The values of Zr/Hf and Y/Tb ratios, 40 and 50, respectively, are very close to the values already found for oceanic basalts.
There is a clear correlation between the concentrations of the various alkali metals. The observed variations are of the same order of magnitude as those observed at Hole 395A, at 22°N on the Mid-Atlantic Ridge . These variations do not reflect primary variations, but appear to be the result of low-temperature alteration.
The high-partition-coefficient elements Cr and Ni show typical concentrations for tholeiites. The least-fractionated samples are two from Hole 505 (Table 2) which almost fulfill the theoretical requirements of being primary melts (Cr, 600 ppm; Ni, 250 ppm; Bougault, 1977b) . The observed variations (Cr, Ni, are probably due both to fractional crystallization and to the occurrence of some phenocrysts in some units.
other, indicate different processes? If they are sensitive to the same processes, is it possible to find a unique way of presenting the data? Such attempts are common and lately have been based on the combination of rare earths and non-rare earths in an extended Coryell-Masuda plot. This plot uses concentrations normalized to chondrite abundances, and has the elements arranged according to their bulk behavior to the behavior of rare earths. The data presented in such a way have not always removed ambiguities, for several reasons: (1) some elements, such as alkali metals, are too sensitive to low-temperature alteration or sea-water contamination, which act to obscure initial abundances; (2) for other elements, such as Zr, the normalizing concentrations (average chondrite concentrations) are not known with suitable precision (Schmitt et al., 1964; Ganapathy et al., 1976; Ehmann and Rebagay, 1970; Shima, 1979) ; (3) in such extended rare-earth-element diagrams, the dispersion of points along the "continuous" curve often is very large compared to the dispersion of the rare-earth elements themselves; this makes interpretation difficult, especially with respect to the evidence of possible anomalies, such as the Eu anomaly (Tarney, Wood, Varet, et al., 1979; Sun et al., 1979; Tarney, Wood, Saunders, et al., 1980; Morrison et al., 1980; Sun, 1980) ; (4) very few homogeneous data (rare-earth and non-rare-earth concentrations measured from the same samples) are available in the literature for samples which present different characteristics.
One of us , has proposed a method for presentation of the data which is based on an extended Coryell-Masuda plot, for the purpose of comparative geochemistry. This is not in opposition to approaches such as that proposed by Gast (1968) , Shaw (1970) , Langmuir et al. (1977) , or by ourselves (Bougault, . First of all, alkali elements, Sr, and Ba are not included in such a representation, because of alteration and contamination problems. Only the elements of "hygromagmaphile" character (such as rare earths) are considered; these elements have low "bulk" solid/liquid partition coefficients, and show an affinity for the liquid phase of the magma. It is meaningless to plot high-partition-coefficient elements such as Ni or Cr in such a diagram, because such elements behave during magmatic processes in different ways than hygromagmaphile elements. Such hygromagmaphile elements correspond to transition elements whose ions show a rare-gas electronic structure (except Group V). Instead of choosing single or average values as normalizing concentrations for non-rare earth elements from the chondritic concentrations proposed in the literature, the normalizing concentrations have been calculated by using an "inverse method," accounting for all of the homogeneous (analytical, obtained from the same samples) data of oceanic basalts obtained since Leg 37. Similarly, the position of non-rare-earth elements among rare earths has been determined using an inversion method. This classification of the elements on the basis of their hygromagmaphile character relies upon the continuous variation of the hygromagmaphile character of the rare earths.
The classification has been confirmed by a more theoretical approach, involving the incompatibility of these elements in a crystal structure, and their availability to form complexes in the liquid. The parameter Φ, which accounts for these two factors, involving ionic radius, R, and the ionic charge, n, is reported in Table 3 , together with the normalizing concentrations. These results have three implications: (1) the expression large ion lithophile element (LILE) has to be abandoned: Ta and Nb (R = 0.68Å) behave like La (R = 1.06Å). We propose replacement of this expression by "hygromagmaphile," to account for the affinity of the element for the liquid phase of the magma; (2) rare-earth and non-rareearth elements plot in an extended Coryell-Masuda diagram with the same precision; (3) anomalies, in addition to the widely known Eu anomaly, have been observed: there are possible Ti negative anomalies, possibly caused by opaque-mineral crystallization (El Azzouzi, 1981) , and there are anomalies in the abundance of La compared with Nb and Ta, which have been interpreted so far in terms of mantle heterogeneity.
On the basis of the extended Coryell-Masuda plots, the data available for Sites 501, 504, and 505 can be divided into three categories. First, the category which corresponds to the majority of samples would plot in Figure 3 between the filled circles and filled diamonds. These basaltic units are more depleted in Th, Ta, Nb, and La than any other rocks drilled during the DSDP project. The second category is represented by only three samples (Table 2 ; Hole 504B, 54-1 to 57-1), which are less depleted in La and Nb than those of category 1. The third category is represented by four samples of Unit 5 of Hole 504B (Samples 504B-18-1, 84-85 cm to 504B-19-2, 46-49 cm). The normalized concentrations of hygromagmaphile elements present a flat distribution, even somewhat enriched in Th, La, Nb. The major difference between these and samples of the two other categories lies in the fact that the La, Ta, and Nb normalized concentrations have the same value: this feature corresponds to the La/Ta ratio equal to 9, mentioned earlier. For category 2, even if the Ta concentration is not available at the moment, from the Nb position, and using a Nb/Ta ratio equal to 16, the La/Ta ratio of category 2 can be estimated to be close to 19, based on Figure 3 . For the first category, as already discussed in the preceding paragraph, because of the very low values, it is not possible to propose a value for the La/Ta ratio, but the data and the position of the related points in Figure 3 are compatible with the value 19.
One important result of drilling the Costa Rica Rift lies in the La/Ta anomaly. Either the value 9 (normalized ratio: 1) or the value 19 (normalized ratio: 2) has been found so far at one site and for large areas of the sea floor. This bimodal distribution has heretofore been interpreted in terms of mantle domains, and it is very difficult to propose another interpretation at the moment.
If the values of La/Ta do reflect mantle heterogeneity, then the two values found in Hole 504B imply that the mantle can be locally heterogeneous. This result is clearly shown in Figure 3 by the relative position of Nb and Ta points compared to La; either the open diamonds (Table 2 ). Filled circles: 504B-21-5 to 504B-22-2; filled diamonds, 504B-25-2, 96-99 cm; open circles: 504B-54-1 to 504B-57-1, 51-55 cm; open diamonds: 504B-54-1 to 504B-57-1, 51-55 cm. Because of low Ta and Nb values and related accuracies (see Fig. 1 ), the positions of filled diamonds and circles have to be associated with a large error for those two elements.
(with normalized La/Ta or Nb/La of 1) or Nb and/or Ta plot at a lower position than La (with normalized La/Ta or Nb/La of 2). CONCLUSIONS The basalts drilled from the Costa Rica Rift are more depleted in the most-hygromagmaphile elements (Th, Ta, Nb, and La) than any other basalts drilled under the aegis of DSDP. Most of the concentrations of these elements are close to the precision limits of neutronactivation analysis and X-ray fluorescence. Despite the very low concentrations of Ta, Nb, and La, it can be stated that these data are compatible with the value 16 ± 1 of the invariant ratio Nb/Ta, and the value 19 of the La/Ta. The two other invariant ratios, Zr/Hf and Y/Tb, show the typical values 40 and 50 respectively.
Among more than 160 analyzed samples, only four samples present a flat or slightly enriched extended rareearth pattern and a La/Ta ratio equal to 9 (1 for the normalized ratio). Previously, we believed that these ratios characterized large mantle domains, based on the observation that large areas are characterized by one of the two La/Ta (or La/Nb) ratios, but this finding (both ratios in the same hole) suggests that local mantle heterogeneity is likely.
